Background The potential impact of employment on maternal health, particularly in relation to gestational hypertension and pre-eclampsia, has been subject to research. However, there is limited evidence on associations between shift work and long working hours on the incidence of these conditions.
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Aims
To evaluate potential associations between maternal shift work and long working hours during pregnancy and gestational hypertension or pre-eclampsia.
Methods
Multistage stratified systematic sampling was used to recruit 24 200 post-partum women from the Taiwan national birth registration database in 2005. Subjects underwent home interview 6 months after their deliveries by structured questionnaire to obtain characteristics of maternal employment and potential confounders. Diagnosis of gestational hypertension and pre-eclampsia was obtained from the birth registration.
Results
There was no association between employment status and gestational hypertension or pre-eclampsia. Also, no significant association between gestational hypertension or pre-eclampsia and maternal shift work or long working hours during pregnancy was found in all or primiparous women.
Introduction
Pre-eclampsia is a major cause of maternal mortality and morbidities, perinatal deaths, preterm birth and intrauterine growth restriction [1] . In addition, women with pre-eclampsia have a higher risk of developing cardiovascular diseases later in life [2] . Both pre-eclampsia and gestational hypertension share many risk factors and increase perinatal mortality and morbidity [3] . The pathogenesis of pre-eclampsia and gestational hypertension is unknown. Immunological, genetic or environmental factors are thought to result in these diseases via abnormal placentation early in pregnancy [1] . Epidemiological factors such as maternal age, ethnicity, family history, nulliparity, obesity, diabetes, multiple gestation, low calcium intake, smoking and previous abortions are all known risk factors. Maternal employment during pregnancy has also been considered to be associated with these syndromes [4, 5] . However, there is very limited evidence on shift work [6, 7] and long working hours [8] [9] [10] . Therefore, the objective of this study was to evaluate the associations between maternal shift work and long working hours during pregnancy and gestational hypertension or pre-eclampsia in a national Taiwan birth cohort.
Methods
The Taiwan Birth Cohort Study, the first national birth cohort study in Taiwan, is a prospective longitudinal cohort study. In the current study, a multistage stratified systematic sampling design was used to obtain representative samples from the Taiwan national birth registration data in 2005. We ranked a total of 369 towns in Taiwan into 12 strata according to the administrative 1 division (four strata) and the total fertility rate (three strata). Using the principle of proportion probability to size, we randomly sampled 90 towns out of 369 in Taiwan and a total of 24 200 pairs of post-partum women and newborns were recruited [11] . All study participants provided informed consent as approved by the Ethics Review Board of the National Taiwan College of Public Health.
A home interview using a structured questionnaire was conducted with the post-partum women 6 months after their deliveries in the period from June 2005 to July 2006. Information obtained consisted of age, education, ethnicity, reproductive history, pre-pregnancy weight and height, use of cigarettes and alcohol and characteristics of employment during pregnancy.
The characteristics of maternal employment during pregnancy determined included work schedule, working hours per week, job title, type of industry, ownership of work organization and scale of workplace. Work schedules were categorized into four subgroups: daytime only, evening only, daytime and evening only and rotating shift. Working hours including extended hours of work on average were classified into four subgroups: #40, 41-48, 49-56 and .56 h/week. The occupation and industry were classified according to the Taiwan government's standardized classification system for occupations and industries [12] . Job title was classified into six occupational groups: professional, technical; administrative, managerial; superintendents, clerical; sales; fabricators, operators, etc. and others. The type of industry was divided into six groups: manufacturing, construction, mining; wholesale and retail trade; personal service; public administration and defence; professional service and others. The scale of workplace was classified into two groups: ,30 and $30 employees.
The information on diagnosis of gestational hypertension and pre-eclampsia was collected from the birth registration. Procedural guidelines defined gestational hypertension as a syndrome that women previously had normal blood pressure, after 20 weeks gestation a systolic blood pressure of at least 140 mmHg or a diastolic blood pressure of at least 90 mmHg on at least two occasions taken at least 6 h. Pre-eclampsia was defined as the presence of gestation hypertension with proteinuria [13, 14] . Chi-squared tests were applied to compare the characteristics of subjects between non-employed versus employed mothers. The association between maternal shift work/working hours and gestational hypertension/ pre-eclampsia was analysed by logistic regression models to calculate odds ratios (ORs) and their confidence intervals (CIs). Potential confounders controlled for included maternal age (,25, 25-29, 30-34 and .35 years), ethnicity (Taiwanese or foreign born), education (junior high school and below, senior high school and university and above), marital status (married/cohabited and single), parity (first, second, third and above), body mass index (,18.5, 18.5-24.0 and .24.0 kg/m 2 ), previous induced or spontaneous abortion (yes or no) and smoking and alcohol drinking during pregnancy (yes or no). We also restricted the analysis to primiparous women only.
Results
Of the 24 200 post-partum women recruited, 2952 cases were lost to follow-up because of refusal to participate, moving home, incorrect addresses, infant deaths and other reasons. Therefore, 21 248 post-partum women were interviewed (88%). The following exclusions were made: multiple gestations (n 5 561), women ,18 years of age (n 5 130); women with pre-existing conditions including diabetes mellitus (n 5 49) and hypertension (n 5 92) and subjects who did not complete the working condition questionnaire (N 5 140) . Finally, 20 276 women were included in this study.
Of the 20 284 mothers, 365 (1.8%) women had been diagnosed with gestational hypertension and 162 (0.8%) women were pre-eclampsia and 12 404 (61%) worked during pregnancy. Mothers in the employed group were slightly older, had a higher proportion with university or above education, more primiparous but had a lower Adjusted for maternal age, ethnicity, education, marital status, parity, body mass index, previous induced abortion, previous spontaneous abortion and smoking and alcohol drinking during pregnancy but not including parity when restricted to primiparous women.
prevalence of smoking than those in the non-employed group (Table 1) . However, there were no statistically significant findings between non-employed and different work schedules or working hours for the incidence of gestational hypertension or pre-eclampsia in all or primiparous women (Tables 2 and 3 ).
Discussion
In our study, no association between employment status and gestational hypertension or pre-eclampsia was found. Also, no significant association between gestational hypertension or pre-eclampsia and maternal shift work or long working hours during pregnancy was found. Incidence rates for gestational hypertension (1.8%) and pre-eclampsia (0.8%) are low in our study compared with Western countries [15, 16] . These rates have been reported to be 1.4% for pre-eclampsia in one referral medical centre [17] and 0.7% for pre-eclampsia and eclampsia in the general population in Taiwan [18] . Diagnostic criteria for gestational hypertension and pre-eclampsia varied between studies; however, we used the criteria according to the American College of Obstetricians and Gynecologists [13, 14] . Previous studies indicate that different genetic factors might influence the incidence of pre-eclampsia [19] . It is relevant to emphasize that there was an apparently lower prevalence of maternal smoking in Taiwan [20] .
Employed women did not have a significantly higher risk for gestational hypertension or pre-eclampsia than non-employed women. Previous studies have found mixed outcomes. Several studies reported that working women had higher risks of developing pregnancy-induced hypertension [4, 17, 21] , which may result from high physical workload [7, 22] or physical activity scores [23, 24] and high psychological stress [8, 25] . However, some found no increased risks from workplace activity [26] or psychological stress [10] .
In addition, we did not find a significant association between shift work and gestational hypertension or preeclampsia. There were only two cross-sectional studies exploring the association between shift work and pregnancy-induced hypertension (OR 0.9, 95% CI 0.4-1.9) [6] or pre-eclampsia (OR 1.3, 95% CI 0.8-1.9) [7] with no more than a non-significant moderate effect. Furthermore, our results also corroborate that long working hours did not increase risks of having a pregnancy-induced hypertension in one cohort (41-49 versus ,35 h/week: OR 1.1, 95% CI 0.2-5.7) [8] and one casecontrol ($35 versus #21 h/week: OR 0.85, 95% CI 0.48-1.54) studies [9] . A recent cohort study also showed that there was no increase in pregnancy-induced hypertension (OR 1.22, 95% CI 0.79-1.89) or pre-eclampsia (OR 0.93, 95% CI 0.59-1.49) risk in women with $32 weekly working hours compared to those with ,32 h [10] .
Compared to previous studies [6] [7] [8] [9] [10] , our large cohort study is unique as the information was obtained from an Asian population. Moreover, detailed information about maternal employment during pregnancy was collected from the interview questionnaire and it may reduce reporting bias. Finally, the prevalence of smoking among pregnant women in Taiwan is low and it avoids the potential confounding due to smoking. However, we did not evaluate if there was any specific chemical, physical and psychological stress-related factors for each type of industry.
Our study may suffer from potential limitations. We randomly selected our study subjects from the Taiwan national birth registration data and did not include stillbirth cases. The stillbirth rate was 1.0% in 2005 [27] and, thus, our results may not be biased. Moreover, there were no statistical differences in the incidence of gestational hypertension and pre-eclampsia between responding and non-responding subjects. Secondly, we did not measure the physical activities of employed women but entered education as a surrogate measure into the final models. Finally, we did not measure home duties [28] and leisure time physical activity [29] too. However, the prevailing literature clearly also indicates that leisure time physical activity during pregnancy has a protective effect on the development of pre-eclampsia [30] .
In summary, there was no convincing evidence that maternal shift work or long working hours had a higher risk of gestational hypertension or pre-eclampsia. However, further research is warranted to confirm these negative findings.
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